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 Abstract: During the period of IQSY-UMP, the observation of geomagnetic 
variations was stressed in order to obtain a clear-cut nature of conductivity anomaly of 
the upper mantle in Japan. The present authors carried out precise observations at 14 
well-distributed temporary stations in addition to the permanent magnetic observatory, 
Onagawa, and discovered in the north-eastern part of Honshu Island the outstanding 
conductivity anomaly which was named by Kato as "Northeastern Japan Anomaly". 
In this region the vertical component of the variations with the periods shorter than 4 
hours is directed upward when the horizontal component of the variations is directed 
northward. Analyzing the observed anomaly in geomagnetic variations, it is concluded 
that the boundary surface between the crust and the upper mantle is shallower in the 
northernmost part of Honshu Island than in the vicinity of Sanriku Coast.
1. Introduction 
   In the years of 1950's, systematic studies of the local anomaly in geomagnetic 
variations were initiated by Japanese and German scientists. This kind of studies 
have become one of the high-light problems in Geophysics in the middle of 1960, 
because this kind of anomalies are supposed to be due to heterogeneous distributions 
of the earth's crust and the upper mantle. Rikitake found an anomalously  large-AZ 
region on the Pacific coast of the central part of Honshu Island of Japan and named 
it "Central Japan Anomaly". The present authors carried out further the obser-
vations of geomagnetic variations in the Northeastern District of Honshu Island and 
found an outstanding anomaly at the northernmost part of the island (Kato, 1968; 
Kato and Aruga, 1969) which was named as "Northeastern Japan Anomaly" by one 
of the authors  (Kato).
 2. Anomaly of the short-period geomagnetic variations observed with the 
    flux-gate magnetometers 
    Since 1950 the present authors have developed the flux-gate magnetometers a the 
portable field magnetometer. During the IQSY-UMP period, the authors set up 
temporary stations in the northeastern part of Honshu Island in order to clarify the 
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Fig.  1. Location of the temporary magnetic stations and the Onagawa 
       in the northeastern part of Japan.
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Magnetic Observatory
nature of conductivity anomaly in the crust and the upper mantle. The locations of 
these stations are shown in Figure  1. The authors observed the magnetic variations 
with a set of flux-gate magnetometers and compared with the records at the Onagawa 
Magnetic Observatory. Typical examples of these records are shown in Figure 2. In 
this figure, the top of the sheet corresponds to the northward, and downward senses. 
It is defined that  AH,  AD and  AZ are the amplitudes of the variations in the three 
components, NS, EW, and Z, respectively, and that these values are positive when the 
variations are northward, westward and downward, respectively. 
   It is surprising phenomenon that  AZIAH<0 in thenorth to Mizusawa,  AZIAHO
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Fig. 4. The distribution of the ratio,  AZI4H, in the northeastern part of  apan,
around Mizusawa, and  4Z1dH>-0 in the south to Mizusawa. It is confirmed that, at 
the stations further south to Mizusawa,  dZidli increases further and connects to 
Central Japan Anomaly. The relation between  dZ and  4H at various stations is 
indicated in Figure 3, where the above-mentioned nature of geomagnetic variation 
anomaly in the northeastern part of Honshu Island is clearly recognized. 
   Figure 4 shows a distribution of the value of  dZidH in Northeastern Japan for 
magnetic variations in the periods shorter than 4 hours. It is very interesting that 
this Northeastern Japan Anomaly disappears when the period of geomagnetic variations 
is longer than 5 hours as shown in Figure 5 which shows the relation between 4Z and  JH
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5.  The relation between the amplitude of the Z-component of geomagnetic variations and 
   that of the H-component distinguished by the period of the variations.
for the variations of the shorter period component (<4 hours) and of the longer period 
component (>5 hours) at Asamushi. 
   In order to clarify thenature of this geomagnetic variation anomaly, the internal 
part of geomagnetic variations due to the electromagnetic induction for the model of 
the crust-upper mantle with an anomalous tructure is calculated and compared with 
the internal part of the observed geomagnetic variations. Siebert and Kerz (1957), 
Weaver (1964), Schmucker (1959), and Rikitake (1965) had already presented the 
theory of electromagnetic induction in the earth's crust and the upper mantle due 
to the external inducing field and the theoretical method to separate the observed 
geomagnetic variations into the external part due to the external origin and the 
internal part due to the internal origin. 
   In our model calculation, a profile along the magnetic meridian is taken as seen in 
Figure 6a. The anomalous internal parts,  Hi and  Zi, along the profile are obtained 
based on the observed geomagnetic variations as illustrated by the solid lines in 
Figure 6b. Assuming a model indicated in Figure  6c, the anomalous internal parts 
normalized by the normal part,  Hi/Her and  ZilHen, are calculated, where 
 Hi; the anomalous internal part of H, H =  ^ (4H)2  (JD)2  , 
 Zi: the anomalous internal part of Z,  Z----41Z, and 
 He.; the normal external part which is equal to the inducing field when the 
       inducing field does not have a vertical component. 
These calculated values are shown by the broken curves in Figure  6b. Actually the 
numerical values in the model in Figure  6c are decided by the iteration method.
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Since the observed curves are farely close to the calculated curves, the structure  of 
the crust-upper mantle in Northeastern District may be like the model as shown in 
Figure 6c. Namely the boundary surface of the upper mantle is shallow in the region 
of Northeastern Japan Anomaly. Figure 7 shows the distribution of the Parkinson 
vector and it is clear that the above-discussed anomalous geomagnetic variations are 
not due to the coastal effect.
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 3. Anomaly of short-period geomagnetic variations observed with the induc-
   tion magnetometers 
   The authors constructed the small-size portable sensors of the induction magneto-
meter (Figure 8) whose frequency characteristics how a linear sensitivity for 
geomagnetic variations in a wide range of the frequencies from DC to 10 Hz. Using 
the magnetometer, geomagnetic micropulsations were observed at the several 
temporary stations in the northeastern part of Honshu Island in order to clarify 
the nature of "Northeastern Japan Anomaly", particularly to probe the structure of 
the upper mantle near the crust. Sample records of geomagnetic micropulsations in
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Fig. 8. The sensor of the portable induction magnetometer.
the periods from 5 to 60 seconds are shown in Figure 0, where the top of the sheet 
corresponds to the positive variations, in other words, to the northward, westward and 
downward, respectively. 
   It is clear in the figures that  ZIZIJII<0 in the north to Mizusawa,  JZIC111,---,-0 at 
Mizusawa and  LIZIJI-1>0 in the south to Mizusawa. Hence Northeastern Japan 
Anomaly is also proved to exist for the geomagnetic micropulsations with the periods 
from 5 to 60 seconds. In order to clarify further these characteristics, the structure 
of the crust-upper mantle along Profiles I, II and III (see Figure 10) is studied. The 
figure shows distributions of the vectors of geomagnetic micropulsations normalized by 
the horizontal component of the vectors at Onagawa in case when the Onagawa vectors 
direct along the profiles. It will be deduced in the figure that the anomalous 
distribution in the vectors of both horizontal and vertical components at these stations 
depends not only on their location but also on the direction of the inducing field. This 
characteristic feature suggests the three-dimensional nomalous structure of the 
crust-upper mantle boundary as will be mentioned later. Figure 11 shows the 
distribution of the Parkinson vector for the geomagnetic micropulsations. As the 
figure indicates, Northeastern Japan Anomaly for geomagnetic micropulsations i not 
due to the coastal effect as in the case of Figure  7. 
   After separating into the internal part and the external part of the geomagnetic 
micropulsations along the profiles I, II and III according to the theories by Kerz 
and Siebert (1957) and Weaver (1964), the observed internal part is compared with the 
calculated one derived from the simple models of heterogeneous structure which is
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shown in Figure 12. Here, by iterating the operations until the calculated curves 
become closest o the observed curves, the model of the boundary surface between the 
crust and the upper mantle is decided except for Profile III, in which only a qualitative 
tendency that the boundary surface is shallower in the northern part than in the 
southern part can be inferred. In this figure,  hi=Hillin and where  Hi and 
 Zi were already defined in Section 2, and  H,, means the normal part which is equal to 
the sum of the normal external part  (Hen) and the normal internal part (H in). i„). In 
the non-conductive space above a perfect conductor,  Hin=He„, that is,  H.-2  Hen. In 
these calculations, we used the Schmucker's theory (1959). According to his two-
dimensional electromagnetic induction theory, the following assumptions are taken 
into consideration. 
1. Under a layer with electric condauctivity  Cr =0, there exists a semiinfinite perfect 
   conductor  (0-  —co) whose surface is expressed by  z  =fix). 
2. Both of the two layers are nonmagnetic 
When the x-axis and the z-axis are taken to the horizontal and the vertical (downward 
positive) directions, respectively,  hi and  zi at a point  (x0,-z0) in the upper layer are 
expressed by 
                  1   hi  — f x—x°   •  f'  (x)  dx  ,
 (z—xo)2+(z+z0)2
                   1                            x—x0     zi—  dx  (
x—x0)  2 (z+  z  0)  2 
   To solve a three-dimensional problem in the electromagnetic induction is 
difficult, however, if several two-dimensional profiles such as Profiles I, II and III are 
combined, a three-dimensional structure of the crust-upper mantle can approximately 
obtained. Figure 13 shows a contour map indicating the equal depth of the boundary 
surface between the non-conductive layer (the crust) and the conductive layer (the 
upper mantle) thus obtained. As shown in the figure, the boundary surface is shallow 
in the northernmost part of Honshu Island, while deep in the vicinity of  Sanriku Coast. 
   This heterogeneous structure, derived from the observation of geomagnetic varia-
tions is one of the most outstanding anomalies in Japan, and exhibits the close relation-
ships with other geophysical behaviors such as the heat flow distribution in this 
region. Figure 14 shows this relation between the anomalous tructure of the upper 
mantle along the profile through Oga derived from the contour map in Figure 13, and 
the observed heat flow distribution in this area (Watabe, 1967) measured with HFU  Cu 
 calfcm2 sec). It is interesting in the figure that the depression area of the conductive 
mantle as deep as 200 km along the Sanriku Coast corresponds well with the low heat 
flow area, while the ascending area of the conductive mantle along the coast of Japan 
Sea corresponds to the high heat flow area.
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 micropulsations recorded at  Asamushi, Hachinohe,  Mizusawa, and Sanriku.
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4. Conclusion 
   The ratio  4ZIJI-1 of the geomagnetic variations with the periods shorter than 4 
 hours, observed by the flux-gate magnetometers and the portable induction magneto-
meters at 14 well-distributed stations, shows remarkably anomalous values in 
Northeastern District of Honshu Island. The ratio around Mizusawa, which 
is situated at the approximate center of this district, while  ZIZILIH<0 in the north and
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 AZIZIH>0 in the south to Mizusawa, respectively. 
   The conclusion is that the boundary surface between the crust and the upper 
mantle is shallow in the northernmost part of Honshu Island, while it is deep in the 
vicinity of Sanriku Coast.
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 Fig. 13.
 Fig. 14.
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Relation between the anomalous structure of the crust-upper mantle (the lower 
curve) and the heat flow distribution (the upper curve) along the profile through 
Oga. The middle curve indicates the sea-level of the land. The thin and the thick 
arrows mean the directions of the observed crustal movement and the probable mantle 
convection, respectively.
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